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$u(x, t)$ $t$ $x$ $\langle u\rangle$
$r$ 2 $u_{-}$ $u+$ :
$u_{-}(r, x, t)=u(x+r, t)-u(x, t)$ , (la)




$\langle u_{-}^{3}(r)\rangle=-\frac{4}{5}\langle\epsilon\rangle r$ (2a)
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Taylor $x_{wt}$ $u(t_{wt})$ $v(t_{wt})$ $t$
$u(x)$ $v(x)$ :
$x=-Ut_{wt}$ and $t= \frac{x_{wt}}{U}$ . (3)
$t_{wt}$ $x_{wt}$ $x$
$t$ 2 $x_{wt}=3.25m$ 375 $m$ $x_{wt}=3.5m$
$\langle u^{2}\rangle$
3.
$x$ $u+$ $u-$ [2].
$\langle u(x)^{n}\rangle=\langle u(x+r)^{n}\rangle$ (1)
$\langle u_{-}^{2}(r)\rangle=4\langle u^{2}\rangle-4\langle u_{+}^{2}(r)\rangle$ , (4a)
$\langle u_{+}(r)u_{-}(r)\rangle=0$ , (4b)
$\langle u_{-}^{3}(r)\rangle=-12\langle u_{+}^{2}(r)u_{-}(r)\rangle$ . (4c)







$\frac{\partial}{\partial t}[-\frac{3}{2}\langle u^{2}\rangle+\frac{15}{4r^{5}}\int_{0}^{r}\langle u_{-}^{2}(R)\rangle R^{4}dR]=\frac{15\nu}{2r}\frac{\partial\langle u^{\underline{2}}(r)\rangle}{\partial r}-\frac{5\langle u^{\underline{3}}(r)\rangle}{4r}$ . (5a)
Landau Lifshitz [8] (5a) (4a) (4c)










$10^{1}$ $10^{2}$ $10^{3}$ $10^{4}$
$r/\eta$
$1$ : (6) (tot), 1 (dis), 2 (trs).




(5a) (5b) $rarrow\infty$ $\langle u(x+r)u(x)\ranglearrow 0$
$\frac{3}{2}\langle u^{2}\rangle=\frac{15}{4r^{5}}\int_{0}^{r}\langle u_{-}^{2}(R)\rangle R^{4}dR|_{rarrow\infty}=\frac{15}{r^{5}}\int_{0}^{r}\langle u_{+}^{2}(R)\rangle R^{4}dR|_{rarrow\infty}$
$\frac{\partial}{\partial t}[-\frac{15}{4r^{5}}\int_{0}^{r}\langle u^{\underline{2}}(R)\rangle R^{4}dR|_{rarrow\infty}+\frac{15}{4r^{5}}\int_{0}^{r}\langle u^{\underline{2}}(R)\rangle R^{4}dR]=\frac{15\nu}{2r}\frac{\partial\langle u_{-}^{2}(r)\rangle}{\partial r}-\frac{5\langle u^{\underline{3}}(r)\rangle}{4r}$ , (6a)
$\frac{\partial}{\partial t}[\frac{15}{r^{5}}\int_{0}^{r}\langle u_{+}^{2}(R)\rangle R^{4}dR|_{rarrow\infty}-\frac{15}{r^{5}}\int_{0}^{r}\langle u_{+}^{2}(R)\rangle R^{4}dR]=-\frac{30\nu}{r}\frac{\partial\langle u_{+}^{2}(r)\rangle}{\partial r}+\frac{15\langle u_{+}^{2}(r)u_{-}(r)\rangle}{r}$ .
(6b)
(6a) $u^{\underline{2}}$ (6b) $u_{+}^{2}$
$\geq r$ $rarrow 0$ $-3\partial_{t}\langle u^{2}\rangle/2=\langle\epsilon\rangle$
$rarrow\infty$ $0$ 1 $\geq r$







$\langle\epsilon\rangle=\frac{15\nu}{2r}\frac{\partial\langle u_{-}^{2}(r)\rangle}{\partial r}-\frac{5\langle u^{\underline{3}}(r)\rangle}{4r}$ . (7a)
$x$ (6b)
$\langle\epsilon\rangle=-\frac{30\nu}{r}\frac{\partial\langle u_{+}^{2}(r)\rangle}{\partial r}+\frac{15\langle u_{+}^{2}(r)u_{-}(r))}{r}$ . (7b)
(7a) (7b) 2
(2a) (2b) Kolmogorov 4/5
(2a) $u^{\underline{2}}$ $[$ $(7a)]$ , (2b) $u_{+}^{2}$
$[$ $(7b)]$ .
5.
$u_{-}(r)$ $v_{-}(r)$ $r$ $<r$
$r$ $u+(r)$
$v_{+}(r)$ $\geq r$ $u_{+}(r)$ $v_{+}(r)$
$r$ $u_{+}^{2}(r)$ $u_{-}(r)$ $[$ $(4c)]$
$r$ $rarrow 0$ $u_{+}(r)$ $v_{+}(r)$ 1
$u$ $v$
$\langle u_{+}^{2}(r))$ $\langle\overline{u}^{2}(r)\rangle$ $\overline{u}$ $r$
:3
$\overline{u}(r, x, t)=\frac{1}{r}\int_{x}^{x+r}u(X, t)dX$ . (8)
2(a) $L_{u}$ $r$ $\langle u_{+}^{2}(r)\rangle$ $\langle\overline{u}^{2}(r)\rangle$
$u_{+}(r)$ $\geq r$ $L_{u}$ $r$ $<r$
$\langle u_{+}^{2}(r)\rangle$ $\langle u^{\underline{2}}(r)\rangle$
$u_{-}(r)$ $v_{-}(r)$ $r$
$u+(r)$ $v_{+}(r)$ $r$ $r$
$\sim>r$ $u_{-}(r)$ $v_{-}(r)$ $r$
$u_{+}(r)$ $v_{+}(r)$ $\geq r$
3 (8) $\geq r$










$10^{1}$ $10^{2}$ $10^{3}$ $10^{4}$
$r/\eta$
$2$ : Kolmogorov $\eta$ $r$ . (a) $(u_{+}^{2}\rangle/(u^{2}),$ $\langle v_{+}^{2}\rangle/\langle v^{2}\rangle$ ,
$\langle u_{-}^{2}\rangle/u_{K}^{2},$ $\langle v_{-}^{2}\rangle/u_{K}^{2}$ . $u\kappa$ Kolmogorov $(\overline{u}^{2}\rangle/(u^{2}\rangle$ . (b) $(u_{+}^{4}\rangle/\langle u_{+}^{2}\rangle^{2},$ $(v_{+}^{4}\rangle/(v_{+}^{2}\rangle^{2}, \langle u_{-}^{4})/\langle u_{-}^{2}\rangle^{2}$ ,
$\langle v_{-}^{4}\rangle/(v_{-}^{2}\rangle^{2}$ . $L_{u}$
(6a) (7a) $-5\langle u^{\underline{3}}(r)\rangle/4r$ $r$
$\langle u_{-}^{2}(r)\rangle$ $r/\langle u_{-}^{2}(r)\rangle^{1/2}$
(6b) (7b) $15\langle u_{+}^{2}(r)u_{-}(r)\rangle/r$ $\langle u_{+}^{2}(r)\rangle$
$r/\langle u_{-}^{2}(r)\rangle^{1/2}$




$\langle u_{+}^{n}(r)\rangle$ $\langle v_{+}^{n}(r)\rangle$
2 $\langle u_{+}^{2}(r)\rangle$ $\langle u_{-}^{2}(r)\rangle$ 2(a) $r$ $\langle u_{-}^{2}(r)\rangle$
$\langle u_{+}^{2}(r)\rangle$ $\langle u^{2}\rangle/2$ $\langle u^{2}\rangle$ [1]. $\langle v_{+}^{2}(r)\rangle$ $\langle v_{-}^{2}(r)\rangle$
$\langle u_{+}^{n}(r)\rangle$ $\langle v_{+}^{n}(r)\rangle$
$\langle u_{-}^{n}(r)\rangle\propto r^{\zeta_{n}}$




$\pm 1\%$ Sreenivasan Dhruva [10]
$rarrow 0$ $rarrow\infty$
$\frac{\langle u_{+}^{4}(r)\rangle}{\langle u_{+}^{2}(r)\rangle^{2}}arrow\frac{\langle u^{4}\rangle}{\langle u^{2}\rangle^{2}}$ as $rarrow 0$ and $\frac{\langle u_{+}^{4}(r)\rangle}{\langle u_{+}^{2}(r)\rangle^{2}}arrow\frac{\langle u^{4}\rangle}{2\langle u^{2}\rangle^{2}}+\frac{3}{2}$ as $rarrow\infty$ . (9)
$\langle u^{4}\rangle/\langle u^{2}\rangle^{2}=3$
2(b) $r$
$r\simeq L_{u}$ $r\simeq L_{u}/10$
4
7.
$u_{-}(r)$ $v_{-}(r)$ $r$ $u_{+}(r)$ $v_{+}(r)$
$\geq r$
4 $u+$ $r$ $u_{+}(r)$
$r$ $\sim>r$ $u+$
$r$ $\sim<r$
$r$ $\sim>r$ $u+\simeq 0$
$r$ $L_{u}$ $u+$
3 [ (9)]. $v+$
17
[1] $u_{+}(r)$ $u_{-}(r)$ $r$
$u+$ $u_{-}$
$[$ $(4b)]$ , $u_{+}^{2}$ $u_{-}$ $[$ $(4c)]$ ,
$u_{+}^{2}$ $u_{-}$ $[$ $(6b)]$ .
[10], $r$ $u_{-}(r)$
$u_{+}(r)$ 1 $u$
$\geq r$ $u+(r)$ $r$
$u_{-}(r)$ $[$ $(4c)]$ . 1 $u$ $rarrow 0$ $u_{+}(r)$
$u_{-}(r)$
$-5\langle u_{-}^{3}(r)\rangle/4r=15\langle u_{+}^{2}(r)u_{-}(r)\rangle/r$
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